Purpose The incidence of epidural top-ups received in the second stage of labour in nulliparous women and the obstetrical and neonatal implications associated with these boluses are explored in this retrospective observational study. We hypothesized that an epidural top-up in the second stage of labour reduces operative deliveries by resolving inadequate analgesia. Methods A population-based cohort analysis was performed using perinatal data from 1 January 2013 through 31 December 2014. An anesthesia database provided information to determine the top-up incidence. Women with or without a top-up for second-stage duration were compared for method of delivery and neonatal characteristics using descriptive statistics. Logistic regression identified predictive factors for method of delivery.
Passive descent of the fetus and the active phase of maternal pushing make up the second stage of labour. 1 The duration of active pushing significantly impacts maternal and neonatal outcomes. 2, 3 For nulliparous women receiving epidural analgesia, a rest period has been advocated at full dilatation to allow the fetus to passively rotate and descend. 1 Passive descent allows the woman to delay pushing until she feels the urge or the fetal head is visible at the vaginal introitus. Brancato et al. 4 recommend passive descent with effective epidural analgesia to promote better birth outcomes. Additionally, the American Congress of Obstetricians and Gynecologists guidelines state ''if the maternal and fetal conditions permit, allow for the following: At least two hours of pushing in multiparous women, at least three hours of pushing in nulliparous women. Longer durations may be appropriate (e.g., with the use of epidural analgesia) if progress is being documented''. 5 To ameliorate breakthrough pain, an epidural analgesic intervention commonly referred to as a ''top-up'' is occasionally provided during the second stage of labour. A top-up is a bolus of local anesthetic, with or without opioid, provided by an anesthesia team member. Epidural analgesia lowers epinephrine concentrations, thus improving uterine contractions and placental perfusion, 6 and, if discontinued in the second stage of labour, results in pain and ineffective pushing. 7 Indraccolo et al. 8 found that increasing the total number of top-ups independently reduced the odds of undergoing Cesarean delivery and decreased the duration of the second stage of labour.
The objectives of this study were to determine the incidence of top-ups in the second stage of labour in women receiving epidural analgesia and to compare obstetrical characteristics and outcomes (length of the second stage, method of delivery, augmentation/induction use) and neonatal characteristics (Apgar score, birth weight) between women who received an epidural top-up in the second stage and those who did not. We hypothesized that resolving inadequate analgesia with a top-up may allow for passive descent of the fetus, avoiding complications associated with early pushing, and thus promote spontaneous vaginal deliveries.
Methods
A population-based cohort analysis was completed using data derived from the Nova Scotia Atlee Perinatal Database (NSAPD) for women who delivered from 1 January 2013 to 31 December 2014 at the IWK Health Centre. 9 Through data reabstraction (with a high level of agreement for most routine variables) and validation studies, the NSAPD has been shown to contain reliable information. 10, 11 The study was approved (24 November 2015) by the IWK Health Centre Research Ethics Board (IWK REB 1020702) and written informed consent was waived.
Information on epidural interventions and top-ups was provided by the anesthesia clinical database (Innovian, Draeger, Inc. Telford, PA, USA), a newly implemented information management system. At the time of the data request, complete data was only available for the specified study time period. Anesthetic characteristics collected from Innovian were: type of epidural, time of epidural initiation, epidural initiated in the second stage, repeat epidural in the second stage, number of epidural top-ups, type of epidural top-ups, and time of epidural top-ups in the second stage of labour. Top-ups for labour analgesia were recorded separately within the anesthesia database, differentiating them from those used for assisted vaginal delivery or Cesarean delivery. Only top-ups used to treat inadequate labour analgesia were included in the analysis. Using OB TraceVue (OBTV, Phillips Medical Systems, Koninklijke Philips N.V.) obstetrical care software, peripartum data was collected, which was linked to the NSAPD using structured provincial procedures. Progress in labour was evaluated every two hours once in active labour phase or if otherwise clinically indicated. The length of the second stage of labour was calculated from 10-cm cervical dilatation until delivery and entered into OBTV, in real time, by an obstetrical care nurse. If a top-up occurred in the second stage of labour, the following anesthetic characteristics were collected from OBTV: presence of motor block and highest modified Bromage score. 12 These parameters are assessed hourly by birth unit nurses. Complete obstetrical, neonate, and anesthesia characteristics and outcomes are listed in the Appendix (available as Electronic Supplementary Material).
Women were included in the study if they were nulliparous, at term gestation (C 37 weeks), labouring with a singleton pregnancy in vertex presentation, and received epidural analgesia. Women were only included if they had a second stage of labour [ one hour to allow for passive descent of the fetus and to exclude women who may have delivered precipitously. Women with hypertensive disease or diabetes in pregnancy were excluded because they can be at increased risk for complicated deliveries. 13, 14 Labour analgesia was initiated using either a combined spinal epidural (CSE) technique (1 mL of 2 mg bupivacaine 0.25% with 10 lgÁmL -1 fentanyl) or a standard epidural bolus (10 mL of 0.1% ropivacaine with 10 lgÁmL -1 fentanyl) at the attending anesthesiologist's discretion. Labour analgesia was maintained with ropivacaine 0.1% and fentanyl 2 lgÁmL -1 at 6 mLÁhr
and the option of patient-controlled epidural analgesia (PCEA). Patient-controlled epidural analgesia provided an additional 6 mL of the same epidural solution every ten minutes as required. The infusion continued until the patient was moved to the operating room or completion of the third stage of labour and, if needed, perineal repair. If the labour epidural was initiated in the second stage of labour, it was considered a top-up. If the pain was not controlled after three successful PCEA deliveries, or sensory block was considered inadequate, patchy, or unilateral, then the labour nurse could request an anesthesia assessment for the patient and the anesthesia team member could provide a top-up as required. Although not recorded, it was assumed that three successful consecutive PCEA boluses were provided before a top-up was requested, as per institutional policy. The top-up was a 10-mL syringe of ropivacaine 0.2% with or without fentanyl 10 lgÁmL -1 (two separate preparations) at the anesthesia provider's discretion. The specific volume administered was not always recorded in the anesthetic record but institutional practice is to deliver the 10-mL volume provided in prefilled syringes by the pharmacy.
Statistical analysis
Descriptive statistics including mean (standard deviation [SD] ) and median (interquartile range [IQR]), and sample size and percentages were calculated and used to identify the population characteristics. Maternal characteristics were analyzed categorically using the Chi-square test to address whether certain characteristics were influenced by top-ups. Some of these characteristics included smoking status, pre-pregnancy weight (kg), education level, race/ ethnicity, and Quintile of Annual Income per Person Equivalent (QAIPPE) Score. 15 Length of the second stage of labour and duration of the epidural were analyzed via a Student's t test. Induction and augmentation of labour, analgesia induction with CSE, method of delivery, and need for episiotomy were calculated using the Chi-square test. Neonatal resuscitation was a grouped variable that included oxygen administration, continuous positive airway pressure use, naloxone use, epinephrine use, and chest compressions and was compared using the Chisquare test. Apgar scores were analyzed using the Chisquare test, while neonatal weight, cord artery pH, cord artery partial pressure of carbon dioxide, and cord artery base excess were analyzed using Student's t test.
Variables were selected for the multivariate logistic regression model based on univariable analysis indicating a P \ 0.1 significance for method of delivery. Multivariate logistic regression analysis was performed in a backward stepwise fashion (factor retained if it changed the point estimate of the variable representing method of delivery by 5% or more) to generate odds ratios (OR) and 95% confidence intervals (CI) to determine predictive factors (maternal age, neonatal birth weight, augmentation, nitrous oxide use, smoking, and top-up) for method of delivery. SPSS Statistic 21 software package was used to analyze all data (IBM Corporation, Armonk, NY, USA).
Results
Of the 1,462 women with a second stage of labour [ one hour who received epidural analgesia, 105 (7%) required a top-up during the second stage of labour (Table 1) . Epidural analgesia was initiated with an epidural bolus for 1,024 (70%) women and with CSE for 438 (30%) women (Table 1 ). The labour epidural was initiated in the second stage of labour in 20 women (1.4%) and was included in the top-up group for analysis. Eleven women (0.8%) received a CSE, while nine (0.6%) had an epidural bolus initiation of labour analgesia in the second stage of labour. Seven women (0.5%) required a repeat epidural in their second stage and were excluded from analysis.
There were no significant differences in demographics between women who received a top-up and those who did not, with the exception of race. Fifty-nine women (89%) who received a top-up were Caucasian, whereas 645 Caucasian women (78%) did not receive a top-up (P = 0.03; Table 2 ). There were no significant differences in neonatal characteristics for the group of women who received a top-up, with the exception of birth weight; neonates born to those women who required a top-up had a higher birth weight (3641 g vs 3459 g; Table 2 ).
Women requiring a top-up in the second stage of labour were more likely to have an induction and/or medical augmentation of labour than women who did not require a top-up (Table 2) . Women who received a top-up in the second stage of labour were more likely to have had a Cesarean delivery than women who did not have a top-up (26% vs 11%, Table 3 ). Also, women who received a topup in the second stage of labour were more likely to require an assisted vaginal delivery than those who did not receive a top-up (41% vs 17%, Table 3 ). Logistic regression identified maternal age, birth weight, induction or augmentation of labour, and top-up used as predictors of assisted vaginal delivery and Cesarean delivery (Table 4) . Dystocia and fetal distress were the most common indications for Cesarean delivery for both groups (48% and 25%, respectively). Overall, forceps were used in 12% of women, while vacuum extraction was required for 7%.
The length of the second stage was significantly longer for women who received a top-up compared with the group who did not (303 min vs 171 min, respectively; mean difference (MD), 132 min; 95% CI, 113 to 151; P \ 0.001; Fig. 1) . Women who received a top-up and had a Cesarean delivery had a significantly longer second stage than those who had a top-up and delivered vaginally (349 min vs 287 min, respectively; MD, 62 min; 95% CI, 17 to 107; P = 0.007). Twenty-one women received a top-up within 60 min of the second stage of labour and 84 received a top-up after the first 60 min of the second stage. Women who received a top-up within the first 60 min of the second stage of labour had a shorter second stage than those who received their top-up later (223 min vs 323 min, respectively; MD, 100 min; 95% CI, 53 to 148; P \ 0.001; Fig. 2) .
Additionally, those women who received their top-up within the first 60 min were more likely to have a spontaneous vaginal delivery than those who received their top-up after the first 60 min of the second stage (62% vs 25%, respectively; OR, 4.88; 95% CI, 1.78 to 13.4; P \ 0.001). Compared with women who did not receive a topup, women who received a top-up within the first 60 min of the second stage of labour had a longer second stage length (171 min vs 223 min, respectively; MD, 52 min; 95% CI, 10 to 93; P = 0.01) but were not more likely to have an assisted vaginal or Cesarean delivery. After 60 min in the second stage of labour, women who received a top-up had a longer second stage (171 min vs 323 min; MD, 152 min; 95% CI, 131 to 173; P \ 0.001) and were more likely to have an assisted vaginal or Cesarean delivery than women who did not receive a top-up.
Discussion
This study identified that epidural top-ups occur infrequently during the second stage of labour. Additionally, it found that women requiring a top-up in the second stage of labour had more predictors of difficult labour and a higher rate of assisted vaginal deliveries and Risk factors for dystocia include nulliparity, macrosomia, and hypocontractile uterine activity. 17 In the current study, the need for augmentation of labour and increased neonatal birth weight were significantly different for the cohort of women that required a top-up. Similarly, Hess et al. 16 examined the relationship between labour outcome and dystocia, defined by the number of top-ups required. They rationalized that epidural top-ups are required for dysfunctional labour and these women are subsequently at a higher likelihood of requiring a Cesarean delivery. 16 The relationship between the need for top-up and delivery outcome therefore remains unclear. Due to the retrospective nature of the current study, it is difficult to determine if the top-up necessitated an operative delivery or if the top-up was required for inadequate analgesia due to dystocia.
Dystocia, rather than a local anesthetic bolus, seems more likely responsible for the increased assisted vaginal and Cesarean deliveries noted in this study. Previously, labour epidural analgesia was associated with higher rates of assisted vaginal deliveries, longer second stages of labour, and possibly higher Cesarean delivery rates. [18] [19] [20] [21] High concentrations of local anesthetic may reduce oxytocin release by affecting pelvic autonomic nerves, increasing the chance of assisted vaginal delivery. 22 These earlier trials do not reflect the lower concentration of local anesthetics used in contemporary practice and in the current study. Anim-Somuah et al. 23 showed that epidural analgesia does not increase the risk of operative delivery, and this result has been supported in recent meta-analyses evaluating low-concentration epidural analgesia. 24, 25 Low concentrations of local anesthetics reduce assisted vaginal deliveries and shorten the second stage of labour compared with high-concentration formulations. 24, 25 In the absence of routinely collected information on sensory levels and Bromage scores before and after top-up, the association between increased local anesthetic from the top-up and method of delivery remains unclear. Nevertheless, current literature examining low-dose local anesthetic solutions makes the implication that top-ups were responsible for increased operative deliveries less plausible.
The average length of the second stage of labour in this cohort was 181 min, consistent with current guidelines. 6 With clinical trends toward longer second stages of labour, obstetrical care providers may be reassured that providing an epidural top-up does not preclude vaginal delivery. This study showed that among women who receive a top-up, the majority of women had spontaneous or assisted vaginal delivery. Adequate analgesia with a top-up bolus may allow for a longer second stage of labour with subsequent vaginal delivery. Women who received a top-up and had a Cesarean delivery had a significantly longer second stage, although interpretation of this finding is complicated by the time from the decision to perform a Cesarean delivery to beginning it, which included operating room preparation, patient transport, and mobilization of staff resources. The timing of the top-up during the second stage may affect delivery outcomes. Indraccolo et al. 8 noted that increased time from the first dose of epidural to the last topup raised the risk of operative delivery and the duration of the second stage of labour. The current study showed that women who were provided a top-up within the first 60 min of the second stage of labour had a shorter overall second stage and were more likely to have a spontaneous vaginal delivery. Women requiring a top-up after 60 min of the second stage may represent an alternate population. For the subset of women who had a longer second stage of labour, providing a top-up may represent a surrogate marker for dystocia, which increases the operative delivery risk.
The incidence of top-ups that occur in nulliparous women with epidural analgesia in the second stage of labour was 7%. This is important as it may help anesthesia providers predict and plan for breakthrough pain requiring clinician-administered rescue boluses. Overall, women with or without a top-up were not different in terms of demographics, with the exception of race. Nova Scotia has a relatively homogeneous, predominantly Caucasian population. 26 In this study, Caucasian women comprised 79% of the population and were more likely to have received a top-up. Racial and ethnic disparities in the management of pain have been well established. [27] [28] [29] Labour epidural rates tend to be lower for African American, Hispanic, and Asian women than for Caucasian non-Hispanic women. 29 The current study has a number of limitations. While NSAPD data have been shown to contain reliable information, 10, 11 retrospective studies are limited to available data, and there may be other variables relevant to the present study that were not routinely captured. In addition, Nova Scotia's population characteristics may have limited generalizability in more ethnically or racially diverse populations.
This study was not able to distinguish passive and active phases of the second stage of labour; top-ups given early (during the passive phase) may promote a spontaneous delivery. Progress in labour is evaluated every two hours once in active labour or if otherwise clinically indicated; thus, identification of the start of the second stage and the first 60 min of the second stage may not be clearly delineated. Information on the duration of the second stage, defined as the start of the second stage of labour until delivery, necessarily included the length of time from decision for operative delivery to delivery (including awaiting room set-up and team availability). The current study was not able to distinguish whether assisted vaginal delivery was due to obstetric indications or medical reasons (such as cardiac conditions); medical indications make up a very small percentage of the general population and their influence should be small. With Bromage scores completed in less than half of the study population, uncharted sensory examinations, and a study population with risk factors for dystocia, the true association between top-up and delivery type may be less accurate. Finally, whether the top-up implies dystocia or inadequate epidural placement is not known. Although need for multiple top-ups could help identify whether or not the epidural was working appropriately, these cases were not specifically analyzed.
In summary, top-ups occur with a frequency of 7% during the second stage of labour. Future studies should evaluate the timing of top-ups in relation to the second stage, as early interventions may facilitate a spontaneous vaginal delivery. Evaluation of the indication for top-ups (inadequate analgesia, augmentation, dystocia) in the second stage would help determine a true association between the intervention and delivery outcome. With new interest in prolonging the length of the second stage to achieve spontaneous vaginal deliveries, a prospective study examining the timing of when the top-up is provided and delivery outcome would better predict the effects of the intervention.
